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TFO UN ICAL MKMORANI) ItM 


STATI STI CAL ASPECTS OF THE 1980 SOLAR FLARES; II. SOLAR 
CYCLE ACTIVITY RELATIONSHIPS AND ADDITIONAL REMARKS 

I. INTRODUCTION 


In « yi’eecdiny: I’cport [11 , tMs fiuthor compiled a list of 1349 flares occurring 
in 1980 (the Solar Maximum Year) wliich met certain selection critei’ia; namely, these 
study flares hud accurately known start, maximum brightness, and end times; lati 
tudos; Ibx importance; and K^ruy classes. Thus, each flai’c was spoclfled by a rise 
time, decay time, duration, latitude of occurrence , Ila importance (areal and relative 
brightness), and X-ray class. Frequency distributions of these parameters were 
tabulated and illustrated, and a number of conclusions, culminating in a brief descrip 
tion of the statistically typical study flare, wore stated. 

In this I’oport (Part II) the author continues his analysis of these events, 
stressing correlations with .solar cycle, as adjudged by the 2800-MU radio flux 
(denoted, 1^2800^' alluded to in the x^revious report, they 

will now bo more fully discussed, A tliird and final rGjjort, highlighting rolationshii)s 
between pairs of .specific study parameters, will conclude this series. 


II. STUDY REMARKS 


The 1349 flares meeting the study selection critox’ia are tabulated in the precod 
ing report. They form the data base from which tliis statistical study and its con- 
clusions are made. It is recalled that the data base flares represent a subset of all 
the flares reported in Preli mina r y Rep ort a nd Forecast of Solar Cloophysical Data , a 
NOAA (Boulder, Colorad‘dr”weeldy publTcation.*"’’ ^ 

Table 1 presents the monthly frequency (f), percent (p), running frequency 
(Rf), and running percent (Rp) by flai'e grouping (A, B, C), ns well as the daily 
Haro rates by grouping (A', B’, C) and monthly sunspot number (Rj^) and corrected 

2800-MIli! radio flux at 1 AU (i.e., astionomical unit). Category A represents those 
flares that meet the study criteria; hence, they are the data base flares. Category 
B refers to all flares in the NOAA publication which have a positional reference, and 
category C to all flare entries. Observe that prior to Api’il 1980, there was no 
difference between groups B and C , Beginning in late April and continuing to the 
present, NOAA includes not only flares of known position but also those significant 
X-ray flares, wMch cannot be correlated with ground observations. 

Table 2 shows the daily frequency of occurrence by flare group. Observe that 
catcgox’y C began in late April on DOY (day of year) 119, or April 28. Figure 1 
(a,b) displays the daily frequency, plotted from Table 2, of category A data base 
flares; Figure 2 (a,b) plots the category B daily flare frequency, 
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JANUARY 


FEBRUARY 


MARCH 


APRIL 


MONTH OF YEAR, 1980 


Figm’c la, Froquoncy of category A flares versus month of year. 1980 

January tlirough Juno. 


AUGUST 


SEPTEMBER 


OCTOBER 


NOVEMBER DECEMBER 


MONTH OF YEAR, 1980 


X'igure lb. Frequency of category A flares versus month of year, 1980 1 

July ttooug'h December. 

While the ratio of category A to B flares (Table 2) is highly variable between 
0 unci 1, the average monthly value (Table 1) ratios are much mox’o stable, being, on 
the average, 0.267 ± 0.08 (or 30-percent error bars). Thus, out of every 8.75 
category B flares, on the average, onr entry for category A is expected. A plot of 
monthly category A frequency versus category B frequency values is depicted in 
Figure 3. The line running diagonally from lower left to upper right depicts the 
average relationship between category A and B flares. Thus, during 1980 the 
category A study flares were related to the category B flares by the equation 


0.266 fjj ± 0.04 fjj 
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FREQUENCY (f) 



JANUARY FEBRUARY MARCH APRIL MAY JUNE 


MONTH OF YEAR, 1980 

Figure 2a. Frequency of category B flares versus 'it th of year, 1980; 

January through June. 



MONTH OF YEAR, 1980 


Figure 2b. Frequency of category B flares versus month of year, 1980: 

July through December. 
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Figure 3. Frequency of category A flares (f^) vex’sus frequency of 

category B flares (fyj)- 


where f^ is the frequency (or number) of category A flares and fj^ the froquoney of 
category B flares. 


Often it. is desirable to comx^are time-doi)cndent iwramotcrs (such as flax^e fro 
quency) with some solar activity indicator (such us or l*'ogQQ)* fact, such 

comparisons form the basis for this report. However, prior to discussing the results 
of such analyses, it may bo of interest to show the relationship between the two 
commonly used indicators of solar activity. Using Table 1, genci’ate ratios of R to 

FgsQo versus time and plot the results (Fig. 4). Observe that, indeed, there is a 


close relationship between R^, and f''2goo’ » 


the points tend to bo distributed 
along a diagonal band associating high R^^ with high FggQQ and low R,^^ with low FggQQ. 

Q40 

While the average value of 0.782 ^q'oqo’ where the lower lx)und 

is rather largo due to the inclusion of the July and November data j)oints, a better 

4*n ^ 

defined relation is 55/^^2800 0.799 „g 039* wliich excludes the July and 

November data points, 


Thus, equations x’elating R^ and 

2a 


2800 


are 


^ = 0. 799 F23,, 


± 0. 04 F 


2800 


( 2 ) 
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PjBOO VS. Bz 


ORIGINAt ;s 
OP POCR QIJAllTY 


1BBO 




NOTE: LINE EQUATION EXCLUDES JUL 
AND NOV DATA POINTS 


Fiii’iu'o 4, voi’svis E... Mno eauation exulvides July and 

<5oUU r, - 

Novoniboi' data points. 


and 


F 


2BQ0 



(3) 


Wilson [2] has investigated sunspot variation, particularly for sunspot cycle 21, 
the present cycle, and has deduced a number of relationships between smoothed sun- 
spot number and smooth numbers of flares, grad ual-rise-and- fall radio events, and 
2BQ0 Mllii radio fluK. Tl\o equation relating smoothed sunspot number (lL„) and 
smoothed 2800 MU k radio flux CFj|j) vvas deduced to bo 


0.89 Hjg -P 03 


(4) 


implying that 


c 1.124 Fj^g 70.8 


(5) 


Equations (2) and (3) relate monthly averages of sunspot number and 2800-MHi5 radio 
flux, On the other hand, equations (4) and (5) I'elato smoothed sunspot numbex’s 
and smoothed 2800'’MH5!! radio flux, which are based on a particular smoothing scheme 
(Wilson {2] or Howard [3]). 
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Figui ‘0 4 depicts the relation between and l^'ggQO’ diagonal line 

running from lower left to upper right is that representation of equation (3). It is 
seen that the July and November data points appear anomalously high, possibly 
suggesting either that the numbers are too low or that the I’' 2 qqq numbers are too 

Mglu (Throughout the remainder of this report, the author has arbitrarily chosen 
to use I‘'28 oo solar activity indicator for comparisons.) 


Figure 5 graphs the daily flare x’ates for categories A and B versus time, as 
well as their ratio (f^^fj^) and h’^BOO* that, wliile the category A flares do 

not always mimic the rise and fall of I’’28oo* category B Hare curve does tend to 

follow, in an approximate way, the ups and downs of F2800* there appears to 

be a somewhat crude relations liip between flare frequency and solar cycle. That is, 
usually hig'h R,^ implies high I^psoo implies high f^^j conversely, low R^, means 

low I'’ 28 oo which implies low f|^. (Wilson [21 has deduced approximate relationships 

between smoothed sunspot number and smoothed number of flares.) Since the study 
flares are related to the category B flares which arc approximately related with 
^* 2800' study flares themselves can yield relationsliips pertaining directly to phase 

of solar cycle. (In Figure 5, x is the mean.) 
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CATEGORY "B" FLARES (f'el 

V^'b 0.267 ±0.08) 

CATEGORY "A" FLARES {('^) 
MONTH OF YEAR, 1980 


-.350 

-.330 


h3io 


"290 

H270 ^ 
■X50 
■:230 


-.210 

-.190 


Figure 5. Variation of categoi’y A, B, and A/B doily flare rate (i.o., number 
of flares per month divided by number of days per month) and month of year 

1980. Also, vaination of 1‘'28 qo CYor year. 


XO 



Figure 6 plots FggQQ versus category B daily flare rates (fj^, or B' using Table 

1)» as well as versus fjJ. (1^2800 plotted as tbe 0 and vei’sus 

fjJ as •.) The dark diagonal line running from lower left to upper right depicts an 

eye-ball approximation between F„Qnn using all data points, and is given by 

the equation ® 

Fgsoo == 3.059 fjJ + 155.76 . (6) 

If the average ratio numbers (l^osoo-^y^ used, we determine the dashed line 
given by the equation u » 


I-23„o= 15.102 f^± 5. G5f^ 


m 


+3 676 

since 1^2800'^^R ~ „5*g52 year. Unfoi’tunately, the highest fjJ value 

did not correspond to the highest I’' 2 goo value, hence the wide error bars. If the 



Figure 6, 1^2800 category B daily flare rate (O) . 

daily flare rate (•). Dark solid-line is visual approximation to F 


R_ versus category B 
z 


2800 


data 


points. Dashed-lines x’efer to mean-slope lines using all data points (right- 
most dashed line) and excluding October and November 
data points (left-most dashed line). 


ORiGiiiAh PAGE IS 
OF POOR QUALITY 


11 


Oetobei' and Novomboi’ l''2800^^B arbitvarily rcmovod from the avoragx>, nineo tboy 
uro Bubstantially low, thon tbo volation is deduced to be 


FggQP 16.287 fjJ ± 2,88 fjJ 


( 8 ) 


K /f ' 
^ 2800' B 


+2.581 


10.287 o’ 8 g 4 * Caution must be ompbasizod rog’arding' those relation 
ships, since the daily flare rates have not boon corrected for actual observing time, 


Table 3 tabulates various K ray and importance ratios, and Figure 7 illustrates 
some of the moro interesting' ones. Observe that the throe ratios plotted, although 
not directly suggestive of a oneTo’ono relation, appear to be associated in some way 
to 1'28 oo' Bectlon III, M class X ray flares and, to a lesser 

extent, class 1 Ha flares are proportional to F.^^qq values. Similarly, periods of 

bright flares may correspond to periods of high vahies, although the relation 

may be somewhat complicated. “ ^ 


As an explanation for the legend of Table 3, consider the initios for November. 
Ratio 1 results fmm dividing the number of 0 glass X ray flares by the number of 
study flares for the month! honce, C/f,^. These numbers (for this ratio and ratios 


2 through 18) are tabularized in Table 11 b,c in part t of this study [1]). (Actually, 
they are Tables 1 b,c through 12 b.e roprosonting Jaiuuu’y 1980 through December 
1880; Table 15 b.e summarizes the full year,) Since there were 110 C class study 
flares in November and 192 study flares, ratio 1 is 110/192 - 0.573, Ratios 2 through 
18 are computed in similar faslilon. YEAR represents the resulting ratio quotients 
based on yearly counts of study flares. 


In Idgiu’e 7, three ratios are plotted in detail; ratio 17 (H/N), ratio 4 (M/C), 
and ratio 10 (1/S). Three other ratios are plotted as individual points, showing 
their highest ratio values; ratio 5 (X/C, plotted as A), ratio 11 (2/S, plotted us 0), 
and ratio 16 (F/N, plotted asEl), The two large peaks in the ratio 17 curve are 
1.8 and 1.5 times, I’espeetively , the ratio's yearly value. 


Table 4 gives the moan values for each of the parameters RT (rise time), DT 
(decay time), I) (duration, I) •’ RT + DT), LAT (latitude of occurrence), XR (X rny 
ch^s) , and IMP (Da importance) ^ by month and year based on the 1349 study flares. 
XR was deduced by adding the peak energy output.s of aU flai’cs and dividing by the 
total number of flares for the time period of interest. IMP was dodueod by giving 
each flaro a number, representing a product of an area (S ~ 1, 1 • 2, 2 - 3, 3 4, 

4 - 5) and a relative brightness (P' 1, N - 2, B - 3), and dividing the sum of the 

products by the total number of flares for the period of interest, As an example, an 
SN Dare is equal to 2 (~ X >• 2 - SN); an IB flai'c is equal to 6 (- 2 j* 3 3 IB); and 
so on,_ Also given in Table 4 ax-e the_niean RT to mean DT ratio (RT/DT ), mean 
area (A), mean relative brightness (RB)j^Jlieir product (which is proportional to 
IMP), mean X“X*ay energy for C flares (XRq), moan X-x*ay energy for M flares 

(XRj^^) , mean X-ray energy for X flares (XRj^) , and R,^ and F^qqq values, Figiu’c 

8 a,b,c grapliically displays these mean value tabulations, where the numbers in the 
parentheses are the yearly mean values. __^n apparent relation between mean flaro 
area (A) and mean relative brightness (RB) is observed, given by the equation 
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TABLE 3. MONTHLY X-RAY AND IMPORTANCE RATIOS 



ORIGINAL 

OF POOR QUALITY 
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Figure 7. Selected ratios versus month of year 1980. Also, I'2800 
month of year. Symbols refer to peak values of defined ratios. 



TABLE 4. MONTHLY MEAN VALUES OF SELECTED PARAMETERS 
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I-’igurG 8a. Variation of monthly mean value 
by decay time (rT/OT) , rise time ' 

with month of year 1980. Also, ] 
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Figure 8b. Variation of monthly mean values of importance class (IMP) 
and X-ray class (XR). See text for method of computation. 

Also, ^2800 month of year. 
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ARBITRARY UNITS 








IIH - 1. 069 A 4 0. 16 A 


I 


( 9 ) 


Binc'o KB /A ~ 1.669 


Tho upper left hand poi'tion of Figure 8e plots the RB versus A monthly values 
and grnphloally depicts the rcMion formulated Jn equation (9), The upper right-hand 
portion of I'iguro 8c displays fMP versus A ^ KB, wWch is a 45 degree diagonal 
( slightly displaced ) . 


m. DISCUSSION 

4 

A, and 

While the author has arbitrarily chosen to use ^2800 parameters versus 

solar activity comparisons, it should not bo assumed that it is the "best’* indicator. 
(Historically, sunspot number has been utilized extensively.) In fact, both R 

and Fnonn show considerable variability from day to day. In 1980, the average yearly 

moUU 4*04 

was 155.16 28 06 spread of 18 percent), based on monthly 11^^ volues (Table 
4). In terms of daily values, R ranged from a low of 36 on March 16 to a high of 
262 on January 9; thus, its all-inclusive average is 155.16 Spread of 

* 77 percent). The peak R„ monthly average was 179.7 in May, and the smallest 

i* 

II monthly average was 126.5 in March, 

4t 

Similarly, the average 1^2800 198.42 percent spread), based on 

monthly F 28 OO However, daily ^2800 ranged from a low of 130.9 on 

August 4 to a high of 292.8 on May 25, yielding an all-inclusive average of 198.42 

67*5^ (’ 48 percent spread). The peak 1^2800 average was 229.1 in May, 

and the lowest F„t,nn monthly average was 166,5 in March. Thus, the ratio of average 

*ffl 049 

yearly to ^2800 9. 782 „q Qgg* It is observed that while specific details some- 

times disagree (especially based on daily data) , ti-.c geneiml trends are in agTcement 
(based on monthly averages). Although equations huvo been given in the (wevious 
.section for a definite value of K,^ or ^2800' should be remembered that the actual 

values really pertain to a range of values, typically ±16 percent wide (for ^2800^* 


B . Mean Values 

Figure 8a illustrates the monthly variation of i)T , D , RT /DT , LAT , and 
Fgsoo during 1980. Observe that Ifr, i)T, D, and RfyDT showed upward trends 

during the year, while LAT showed a downward trend. Thus, as the year progressed, 
the study flares contained more and more flares of longer rise time and decay time 
(and dmmtion since rise time plus decay time equals duration), In addition, since 
the ratio of mean rise time to mean decay time also showed an upward ti*end to higher 
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yatlo numbers, the relative proportion of long rlfo time events to long decay time 
events was higher. The downward trend of LAf may ho an expected roailt alnce as 
the solai* cycle progresaoB from early cycle to late cycle the mean latitude ef occur 
renee of sunspots (or more correctly active regions) goes from higher latitude to 
lower latitude r since flares are associated directly with active regions (regions of 
enhanced magnetic field), they should show a slmikm variation. (However, 12 data 
points or X”year*B worth of data ore insufficient to doicrlbe the relationship.) 

Figure 8b shows the monthly variation of IMP, XR, and 1^2800 

IMP and Xi curves both suggest upward trends, Thoroforo, study fiaros late in the 
year (about 1 year past solar maximum) were not only more numerous than early year 
study fiaros, but also more energetic. The mean X-ray energy curve is somewhat 
similar in structure to the F28OO suggesting a possihlo relationship. 

Figure 8c displays the RB, A, and 1^2800 ‘variations. The curves suggest an 

apparent upward trend for both ilB and K\ thus, study flares were proportionately 
t)righter and larger late in the year as compared to earlier in the year. 


C. Rise Times 

The left- most portion of Figure 9 Is a scatter plot relating RT and FggQQ. The 

small dotted circles (0) represent the data points. The number beside each circle is 
the month of occurrence, where 1 is January, 2 is February, and .so on. The line 
pasfjitig through the data points is of tlie form 

FggQo “ 28,170 RT + 10.4 RT , (10) 

since 1^2800^^ ~ 28.170 based on Table 4, This implies that 

RT ~ 0. 038 FggQQ ± 0.02 FggQQ , (11) 

since 1^/1^2800 “ - o' 012* ^ identifies the frequency of occux’rence (f) 

and percent occurrence (p) for the parameter RT from elapsed time duration •’ 1 min 
to 10 min and the sum <10 min for each month and the year. Also given is the 
montlily F28OO value and the total number of otudy flare occurrences (N). 1^2800^^ 

values for a few selected RT are: 


(RT <1 min) 
(RT ^ 1 min) 
(RT s 2 min) 


F Jf - 24 170 
^ 2800^^ - 9.943 


w /f «. 1 17 Q.iq '^20.217 
^ 2800^^ "* -10.584 


F /f = 14 520 

^ 2800 ^ _ 4^ggg 


} 


( 12 ) 
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TABLE 5. FREQUENCY (f) AND PERCENT (p) VALUES PER MONTH PER RISE TIME (RT) GROUPING 
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aiT 

3 nvln) 

^2800^^ ' 

20 542 t'14, 491 

2U.542 ,-j^2.974 

ORIGINAL PAGE IS 
OF POOR QUALITY 

(ET - 

4 min) 


27.739 
* ' ^ 16. 407 



(HT.lOmin) J 


( 12 ) 

(Cone.) 


iiHlng' nil Outn pointn. If the lowent and lvi(^'hoat ratio values nro roraoved. the ratios 
have the following' valuos! 


CET 

' 1 min) 

F /f 

^ 2800'^ 

22,591 

413. 870 
” 7.641 

(ET 

■ 1 min) 

^'2800^^ "" 

16. 980 

•HI. 534 
" 6.566 

(ET 

2 min) 

^^2800^^' 

13.684 

•1-8.495 

•3.195 

(ET 

3 min) 

'’^2800^' " 

17.391 

+32.509 
^ 8.096 

(ET 

4 min) 


27.278 

+20.422 

H5.762 

(ET 

'10 min) 

F If r- 

^ 2800^^ 

2.290 ; 

to. 944 
“0.667 


(13) 


1) . Decay Time 


The middle portion of i?Tg’iirc 9 is a scattor plot relating DT and ^^'2800* 'l^^^®se 

data are represented by dotted trhmgloa (A), Again, the number beside each data 
point indicates the month of occurreneo. The line passing through the data points is 
of the form 


F.,gQQ 9.168 Df ± 2.5 DT . (14) 

since 1’’2800^^^'^' *2*538‘ Table 4., Tins implies that 

liT =- 0.112 PggQQ i 0.04 . (15) 
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since S'i'/FggQQ 0»U2 *o o25’ 6 identiflos the frequency of occurrence (f) 

and percent occurrence (p) for the parameter DT fix)m elapsed time duration *13 min 
to 28’ 30 min, and the sum :;30 min for each month and the year. Also given is the 
monthly 1^2800 number of study flare occurrences (N). ^*'2800^^ 

values for a few selected D3' nros 


(DT 

-I* 3 min) 

F /f 5 

^ 2800'^ 

= 73.172 

+136,128 
» 61.940 








ORIGINAL 

PAGE IS 

(DT 

- 4-6 min) 

F ft c 

^2800^^ 

; 23.465 

+19.110 

•13.059 

OF POOR 

QUALITY 

(DT 

- 7-9 min) 

^'2800^^ “ 

5 19.026 

+19,134 
" 8.537 



(DT 

- 10" 12 min) 

^^2800^^ “ 

: 17.305 

+9. 952 
"8,483 

> 

(16) 

(DT 

» 13" 15 min) 

^'' 2800 ^^ “ 

5 22.120 

+17.800 
-11. 441 



(DT 

“ 16“ 18 min) 

^2800^^ " 

= 20.725 

+10.258 

"10.563 




and 

(DT -30 min) 1'2800^^’ “ -oloDT ^ 


using- all data points. Discarding the highest and lowest ratio values yields; 


(DT 

<1“3 min) 


65.758 

+133.847 
" 53.072 

(DT 

^ 4' 6 min) 

^^2800^^ “ 

22.859 

+17. 061 
- 9.778 

(DT 

-7-9 min) 

^"'2800^^ “ 

17.996 

+14. 551 
- 6.031 

(DT 

- 10-12 min) 

F ft = 

^ 2800^^ 

17.158 

+7.230 

-5.539 

(DT 

= 13-15 min) 

^2800^^ “ 

21. 484 

+16.676 
- 9.172 


( 17 ) 
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TABLE 6. FREQL"ENCY (f) AND PERCENT (p) VALUES PER MONTH PER DECAY TI.ME (DT} GROUPING 








COT 16 18 min) 


(17) 

(Cone* ) 


^^ 2800 ^^ 


20.755 


H7.716 

•=7.228 


and 


COT * 30 min) 


Fggoo/f - 2. 461 


+1.280 
-0. 926 


E. Duration 

Tho right'-most portion of Fig’in’o 9 is a scattor plot relating D and ^2800* 

Tliese data are represented solid circles (•). As before, the number beside each 
data point indicates the month of occurrence. Tho line passing' through tho data 
points is of the rorm 


Fggoo “ 6.861 i) ±2.0 i) 


(18) 


since F 



6.861 based on Table 4. 


This implies that 


i) 


0,149 


^'2800 


± 0.04 F 


2800 


(19) 


^ *}’0 044 

since b/FggQQ 0.149 ..q'o 37 ' Table 7 identifies the frequency of occurrence (f) and 

percent cccurrence (p) for the parameter D from elapsed time duration *1"5 min to 
56-60 min and tho sum <^60 min for each month and the year, Also given is the 
monthly FggQQ value and the total number of study flare occurrences (N). TggQg/f 

values for a few selected D are; 


(D 1- 5 min) 

(D == 6^10 min) 
CD ^ 11“ 15 min) 
CD = 16-20 min) 
(D - 21-25 min) 
CD 26-30 min) 


Fggoo^f' ~ 04- 741 
Fggoo/f - 16.192 
'2.656 
Fggoo^f = 13.524 
F28oo/f= 18.460 
F280Q/f " 


+134.859 
" 43.928 


+23.728 
•» 7.984 


+5.489 
“4. 540 


+13, 733 
- 6.527 


+16.423 
- 7.520 


+158.085 
- 30.283 




> 


( 20 ) 
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TABLE 7. FREQUE^iCY (f; AND PERCENT (p) VALUES PER MONTH PER DURATION (D) GROUPING 




















(D ^60 min) 


T? /f ~ 2 m 
2800' ~ -0. 838 


using all data points. Removing the highest and lowest ratio values yields; 


(D <1-5 min) 


F /f ■= 54 638 
^2800'^ 54.b3B .32,494 


(D - 6-10 min) 


= 14.618 


(D - 11«15 min) 


I'zsoo" = 12-561 


(D s 16-20 min) 


^2800-^^ ~ 12.803 „ 5[444 


(D = 21-25 min) 


F /f = 17 569 
^ 2800 '^ ^^■■‘'- 6.469 


(D = 26-30 min) 


F /£ -= 28 735 
^ 2800^' -16.579 


(D .<60 min) 


^ 2800 ^^ ~ - 0.’?88 


F. Latitude 

4-2 7 49 

The ratio F„Qn^/LAT for the 1349 study flares of 1980 equals 13.088 / aok > 

Therefore, - 4 . 4 .J 5 


^2800 “ 13.088 LAT ±4.4 LAT 


based on Table 4, or 


LAT = 0.079 Fggoj ± 0.04 


+0.036 


since LAT/F 2 gQQ - 0.079 „q‘o 20 ' Table 8 identifies the frequency of occurrence (f) 

and percent occurrence (p) for the parameters LAT for several latitude bands by 
month and year. Also given is the monthly R 28 OO total number of 

study flare occurrences (N). ^2800^^ values for a few selected LAT (bands) are: 
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TABLK 8. FREQUENCY (O AND PERCENT (p) VALUES PER MONTH PER 

LATITUDE CDAT) CiUOUPlNa 







LATITUDE 

(LAT), 

degrees 








0- 

9 

1049 

20- 

29 

$:30 

NORTH 

SOUTH 



M 

f 

P 

f 

P 

f 

P 

f 

P 

'f 

P 

f 



^2800 ' 

JAN 


14 

20.3 

50 

72.5 

2 

2.9 

3 

4.3 

23 

40.6 

41 

59.4 

199.6 

FEB 

73 

18 

24.7 

48 

65.8 

7 

9.6 

0 

0 

31 

42,5 

42 

57.5 

195.1 j 

MAR 

96 

12 

12.5 

36 

37.5 

48 

50.0 

0 

0 

50 

52.1 

46 

47.9 

166.5 1 

APR 

104 

13 

12.5 

56 

53.8 

20 

19.2 

15 

14.4 

47 

45.2 

57 

54.8 


MAY 

iia 

8 

7.1 

64 

57.1 

38 

33.9 

2 

1,8 

16 

14.3 

96 

85.7 

229.1 


120 

4 

3.3 

67 

55.8 

43 

35.8 

6 

5.0 

28 

23 .3 

92 

76.7 

199.3 

out 

79 

9 

11.4 

39 

49.4 

30 

38.0 

1 

1,3 

23 

29.1 

56 

70.9 

190.8 

AUG 

m 

17 

19.5 

59 

67.8 

11 

12.6 

0 

0 

67 

77.0 

20 

23.0 

170.3 

SEP 

104 

27 

26.0 

66 

63.5 

7 

6.7 

4 

3.8 

59 

56,7 

45 

43.3 

185.9 

OCl 

168 

31 

18,5 

110 

65 . 5 

24 

14 .3 

n 

4 

1 .8 

68 

40,5 

100 

KO tt 

202,9 

NOV 

192 

40 

20.8 

132 

68.8 

20 

10.4 

0 

0 

106 

55.2 

86 

44.8 

213.4 

DEC 

145 

39 

26.9 

78 

53.8 

27 

18.6 

1 

1.3 

37 

60,0 

58 

40.0 

218.8 

YEAR 

1349 

... . :m.~. 

232 

17.2 

805 

59 .7 

277 

20.5 

35 



2.6 

610 

45.2 

739 

54.8 



and 


CLAT 0 9®) 

F /f r. 

^ 2800^^ 

15.761 

(LAT ^ 10 10®) 

F / f .-5 

^ 2800'^ 

3. 320 

(LAT ™ 20“ 29®) 

^'2800^^' ® 

18.991 

(NORTH LAT) 

^^2800^^ “ 

5. 345 

(SOUTH LAT) 

^2800^^ ” 

3. 808 


+ 34.084 
- 10.426 

+ 1.572 
- 1.703 

+ 80.809 
“ 15.522 

+ 8 . 974 
“ 3.332 


+ 4. 707 


( 24 ) 
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usinjj all data points. Discfir'dingf the highest and lowest ratios yields j 


and 


(LAT = 0-90) 

T? /f 11 Id ”1*1 5. 241 

^2800^* " „ 7,787 

(LAT s 10=190) 

1? n* — > 1 111 ‘^1.202 

^ 2800^^ “1,488 

(LAT K 20“29») 

^*2800^^ “ 12.463 

(NORTH LAT) 

F /f 4 781 

^ 2800^^ -2,266 

(SOUTH LAT) 

t? /f ” 1 ‘H.353 

^2800'^ “■ ”1.349 

Figure 10 illustrates 

1^2800 ^ “ 


ORIGINAL PAGE IS 
OF POOR QUALITY 


(25) 


points. The month of year is identified beside each data point by a number, whore 
1 is January, 2 is February, etc. I^lease note that the solid line passing through the 
data points is not the best^fit line but, rather, the mean-slope line based on the 
ratio of ¥oann fo ^ points. The dashed line is, perhaps, a better fit to 




the data points (assuming an ^2800 percent) 


F*W)oV 6 .MUAT 10 . 180 ) 

1M0 



Figure 10. 1^2800 frequency (f) for latitudes 10-19 dogx’eos. Solid line is 

mean-slope line and dashed line is visual approximation to data. 
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G I Importanco 


— - +11 698 

The I'atlo 1^2800^^^^^* BtuUy Hares equals 66.577 „j^g|724 


therefore * 


Fggoo " ® 

based on Table 4, or 


( 26 ) 


mV 0,0X5 FggQQ t 0.004 I^gQQQ . (27) 


since IfvilVli'ggQQ ” 0.015 !^q'qq 2’ ^ idontlHes the rroquoncy of occurrence (f) 

and percent occurrence (p) for the parameter IMP for several selected Ila Importance 
groups by month and your. (Table 9 is limited to subflarcs* class 1 and 2B events, 
duo to sparseness of class 2, 3, and 4 events.) Also given in the monthly 1^2800 

vaUio and the total number of study flare occurrences (N). ^^2800^^ values for a few 

selected Ibi importance classes arct 


(HF) 

F /f £5 13 210 

2800 ^ X0.4XU ^ 7 , 264 

(BN) 

Ti /r » K TOO ’**3.958 

^'2800^^ “ « 1.893 

(SB) 

P^soo/f = f.98G 

(IN) 

I'2800" “ 25.306 

(IB) 



using all data points, and 

(Sio p^aoo" = 

(SN) 

(SB) ^'2800^^ “ -t 946 ( 


(28) 


(29) 
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TABU? 0. 1-REQimNCY (I*) AND PERCENT (p) VADDHB PEE MONTH PKR 
SKU5CTED li t IMPORTANCK CLASSES 
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and 


(IN) 


(IB) 


^‘*2300^^ 


l? /f 

^ 2800 ^^ 


23. 801 


14.765 


+15. 219 
”13.122 


+0.048 

-0.225 


(29) 

(Cone.) 


using’ all ratios, except the highest and lowest values. Pig-ure 11 illustrates ^2800 

versus f for SN flares, using' all data points. As hefox’e, the number beside each 
data point represents month. The solid line is the moan- slope line, and the dashed 
line is a visual approximation to the data points (assuming an Pnonn variation of 
+10 percent). 


Table 10 identifies f and p values by month and year for a different sxibset of 
the parameter IMP; namely, by relative brightness grouping (P, N, B) and areal 
grouping (S,l). Also given is the monthly P 2800 number of study 


flare occurx’ences (#). 



values for these groupings are: 


’■'2800^^ “ -5! 610 f 


(30) 
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FREOUCNCV,* 

Figiu’e XI, ^2800 frequency (f) for importance class SN. Solid line is 

moan '•slope lino and dashed line is visual approximation to data, 

TABLK 10. FREQUENCY (f) AND PERCENT (p) VALUES PER MONTH PER 
REX.ATIVE BRIGHTNESS AND AREA GROUPING 

~"n^?TAHCE(IHP). MJOR CLASS 1 


S 1 2 F N B 



1 

F P 

f p 

f P 

f P 

f P 

f P 


*t5nre:3«*»^ 

JAN 

69 

57 82.6 

11 15.9 

1 1.4 

13 18.8 

33 55,1 
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209.3 

MAY 
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78 69.6 

29 25.9 

5 4.5 

18 16.1 

56 50.0 

38 33.9 

229.1 
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120 

93 77.5 

23 19.2 

4 3.3 

26 21.7 

38 31.7 

56 46.7 

199.3 

JUL 

79 

48 60.8 

28 35.4 

3 3.8 

9 11.4 

27 34.2 

43 54.4 

190.8 

AUG 

87 
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17 19,5 
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34 39.1 
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170.3 
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49 33.3 
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327 24,2 

56 4 .2 
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595 44.1 

527 39.1 
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C30) 

(Cone.) 


(31) 


using all data points, except the highest and lowest values. 

Fig’ui’O 12 depicts 1^2800 ^ class 1 flares (©) and S flares (A). 

Again, the solid lines represent the mean-slope lines, based on the x’atio of 1*2800 

f, except that in these instjinces they exclude the liighest and loweijt ratio values. 
One observes that number of class 1 Ha Importance flares is better correlated with 
^^2800 number of subflares, Excluding the November data point, which is 

substantially liigh, the dashed lino represents a visual approximation of versus 

f for class 1 flares. 

Figures 13 and 14 ai*e Mstograms of areal importance, showing the variation of 
f and p (respectively) with month of year for 1980, based on Table 10. Also shown 
is the f*2800 Notice that, wliile the trend of number of S flares increased 

during the year, the trend of p for S flai‘es was downward. On the other hand, the 
trend of f and p for class 1 and class 2 flares was upward. Thus, larger areal 
flares were more frequent during periods of high foonn and during the latter part of 
1980, rather than eaxdier in the year . 
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NOTE V, LINE EQ INCLUDES 

ALL DATA PTS EXCEPT 
JULI7) AND OCT (10) 

NOTE 2: LINE EQ INCLUDES 

ALL DATA PTS EXCEPT 
JAN (1) AND NOV (11) 


NOTE 3: VISUAL APPROXIMATION 
TO DATA PTS, EXCLUDING 
NOV (11) DATAPT. 



FREQUENCY, f 


Fig’ure 12. 


®2800 


versus frequency (f) for import iSinice classes S and 1. 


Solid 


line is mean-slope line and dashed line is visual approximation to data. 
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230 




^2800 


^200 


i170 



MONTH OF YEAR , 1980 

Figure 13. Vai'iation of frequency (f) for importance classes S, 1, 2, and 3 versus 
month of year. Also, 1^2800 month of year. 
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^2800 





S FLARES 


1 FLARES 


2 FLARES 


Figtii'e 14. Variation ol' monthly i^orcont (p) for importanoc classes S, 1, and 2 
versus month of year. Also, i?'2800 month of year. 
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T* ... 


l-’iffui’eH 1,5 tmd 16 iiro histog'rams of rolativo brig*htnessi showing tho variation 
of f and p (respootivGly) with month of year for 1980» hasod on Table 10. Also 
8l)own is tho 1^2800 trond of both f and p Ibr B flares was upward 

during 1980. Bonoo, tho brighter Ha flares occurrod during periods of high B 28 OO' 


particidarly late 1980. It is apparent » then, that number, size, and brightnoas of 
Ba flares were greatox’ late in 1980 than in early 1980, implying that peak Bare 
activity occurrod subsequent to solar maximum, as adjudged by sunspot number. 


B. X Kay 


The ratio tbr all study fltmes equals 2. 694 10 

therefore . 


4 •1-3. 480 N 10 
”1. 658 V 10 


4 


^^2800 '' ^ ^ ^ 

baaed on Table 4 and using all data points. If the highest and lowest ratio values 
arc removed, then 


FggOO " 2,512 X 10’^ Xil ± 1.6 X 10^ XR , (331 

since •“ 2.512 x lo‘^ +1.559 x io| ^ 

”1.196 X 10* 

Xil r. 4.48 X 10 5 p^gQQ ± 3.12 X 10"^ PgQQQ , (34) 


since 



4,48 X 10”^ 


‘1-3.12 X io‘ 

-2.02 X 10'^ ’ 


Table 11 identifies tho frequency of 


oecurrenco (f) mid percent ocourrcnce (p) for the iiarameter XK for several selected 
X-ray class groupings by month and year. Also given is the monthly l' 28 oo 

and the total number of study flare occurrences (N). 1^2800'^^ values for aevoral 

seleotod X ray class groupings are; 


4-9’*9‘17 *\ 

(G0-C5) ^^2800^^' "" >l'279 

(C 6 -CO) 


(M1M5) 


Pgggg/f- 12.658 


-1-15. 092 
- 9.652 


1 


(35) 
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N FLARES 
B FLARES 

F FLARES 


MONTH OF YEAR, 1980 


Fig-ure 15. Variation of frequency (f) for relative bi’ightness groups faint (F) , 
normal (N), and bright (B) vex’sus month of year. Also, 

versus month of year. 
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Figure 16. Variation of monthly percent (p) for relative brightness groups F, N, 
and B versus month of year, Also, ^2800 month of year. 
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and 


(XR i. Ml) 
(XR ' C5) 
(C) 

(M) 


F /f ~ 11 258 
^2800'^ “ 8.G56 


^ 2800'^ “4.045 


^' 2800^^ “ 0. 094 


1’ /i' « 1 1 KrlR 205 

^'2800^^ “ - 8,774 j 


(35) 

(Cone.) 


using* all data points. Removing* tlie liighost «md lowest ratio values yields: 


(C0-C5) 

l"2800/‘’ -* tj.-osl 

(C6-C9) 

F,8oo« = -6:U2 

(M1-M5) 

F /f ~ 12 114 

^ 2800^^ -4.142 

(XR Ml) 

F If ss 10 474 

^ 2800'^ iu.ara „g 228 

(XR * C5) 

i; .. K gng '^'4. 525 

^ 2800^^ ” -4.421 

(C) 

^ 2800^ -0.560 


and 


(M) 


'? 2800 "" -^ 930 J 


(36) 


Figures 17 through 19 depict FgSOO ^ ^ X-ray flares, flares 

of X-ray class '>C5, and flai'es of X-ray class ::M1, respectively. In these figaircs, 
the number beside ‘each data point refers to the month of year, as before. Also, the 
solid lines represent the mean-'Slope lines based on the ratio of 1’2800 


the highest and lowest ratio values. The dashed lines are visual appx'oximations to 
the data, excluding the NOV data point. The figures suggest a fairly good correla* 
tion between ^2800 number of flai’es of specific X-ray class grouping, particu- 


larly for M X-ray flares and flares of X-ray class 2 iVll. 
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NOTH; LINIlQIXOtUOtt 

NOTIS; UMKIQIXCLUOet 
MAR til ANO NOV 111! 
DATArtI 

MOTH: VISUAL AfMOXMATKM 
TOOATAPTILCXCLUDtMO 
MOViniDATART 


Fig'uro 17. ^2800 frequency (f) for X-ray classes M and C. Solid lines 

are mean-slope lines and dashed lino is visual approximation to data. 


T’JSOC " - iXH 
1N0 


MOTE LIME EQ EXCLUDES 
MAR (3) AND NOV (11) 

DATA rrs 

NOTE 2! VISUAL ARfROXIMATION 
TODATAPTS, EXCLUOINQ 
NOV (111 DATA PT 


P2t00 "SMS ((NOTE 1) 



Figime 18. ^^2800 frequency (f) for X-ray grouping (XR > C5). Solid 

line is mean-slope line and dashed line is visual approximation to data. 
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NOV nil DATA PT 



Kiffui’c 19, ^''2800 fi’oquoncy (f) for X^ray gi’ouping (XR Solid 

lino is niGan-slope lino and dashed line is visual approximation to data. 


Figures 20 and 21 are histograms showing the valuation of f and p (respectively) 
with month of year 1980, based on Table 11. Also shown is the F 28 OO 

While M and C flares increased in number during the year, the monthly percent 
occurrence for C flares decreased and was markedly depressed in November. (Tliis 
may bo due to the rather high threshold (about Ml) which was employed during part 
of November when numerous flares were occurring* from a particular active region; 
thus, many C flares may not have been counted.) The monthly percent occurrence 
for M flares may have slightly increased during the year, being significantly enhanced 
in November. Thus, X»ray flares were more numerous late in 1980 than in early 
1980, and they axipeared to be much more energetic. 


IV. CONCLUSIONS 


Tliis study, the second of a three-pai*t investigation, has reviewed additional 
aspects of the 1980 solar flares, particulai’ly looking at solar cycle activity effects. 

It has been noted that during 1980: (1) 1349 study flares were a subset of 5053 

reported flares with known positions 1 ( 2 ) and F 28 OO strictly related; 

(3) daily flare rate appeared to be associated with 1^2800 ’ mean relative brightness 

of flares was associated with mean areal extent; (5) R varied by 18 percent and 

/j 

F 2 Q 00 f>y 16 percent; ( 6 ) mean rise times* decay times, and durations all increased 
with month of year; (7) mean latitude decreased with month of year; ( 8 ) larger, 
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Figure 21. Variation of monthly percent (p) for X-ray classes C, M, 
X versus month of year. Also, versus month of year. 


and 



brightois and moro enarptic Haros wore more numerous late in the year, subss>quenl 
to solar maximum { (9) mean rise time, decoy time, and duration appeared to be 
related to ^'2800' number of Hit importance class 1 Hares and number of 

X ray class M (and M + X) flares were both correlated with 1^2800’ 
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